Summary
Plasma renin activity (PRA) (8, 16, 23, 27) and angiotensin I1 concentration (7) are relatively high in human newborn infants. PRA decreases progressively over weeks and months (8, 16, 22) ; a similar trend is followed by aldosterone secretion rates (4), plasma aldosterone (4), and exchangeable sodium (19) .
The cause of increased activity of the renin-angiotensin system during the neonatal period is not clear. The low sodium intake, the low blood pressure, the hypovolemia, and the increased sympathetic activity ,have been invoked as possible factors. On the other 'hand, no correlation was found between PRA and plasma aldosterone. either in cord blood (10, 26) or in newborn infants . . , aged 2-3 days (26), suggesting that angiotensin I1 is not a predominant regulatory factor controlling aldosterone secretion at this age.
In an effort to gain insight into the interplay between renin, sodium, and renal function during the neonatal period, we have studied the relationship between PRA, sodium intake and output, urine osmolality, and glomerular filtration rate (GFR) in hea6hy, full-term newborns of different ~ostnatal aees. In addition. vaso-" pressin was determined in the urine, because limited data are available concerning this hormone in human newborns.
7
This cross-sectionnal study included 28 male full term newborn infants aged 1 day to 9 weeks. They were born after uncomplicated gestation and normal vaginal delivery, with Apgar scores of 8-10. Cord was clamped uniformly at 1 min. None of the mothers had had a salt-restricted diet or received diuretics.
All babies were healthy or recovering from minor diseases. They were divided into three groups according to age: group A: 10 infants aged 1-2 days; group B: 9 infants aged 7-9 days; group C: 9 infants aged 4-9 weeks.
Fifteen infants were breast fed (7 in group A, 6 in group B, 2 in group C) and 13 received infant formulas. Sodium intake was determined by sodium analysis in human milk (concentration range: 5.2-38.3 mEq/liter) or calculated using data obtained from the manufacturer's laboratory (Research Laboratory, Nestle-Alimentana S.A., Vevey, Switzerland).
Systolic blood pressure (BP) was measured before blood sampling, using the Doppler ultrasound system (Arteriosonde RocheR) and a 3.5 cm cuff applied to the right upper arm. Blood samples were obtained from antecubital or femoral vein puncture in the early morning, the infant being supine for at least 2 hr before the procedure. Blood was collected in 10 ml tubes containing 12 mg of EDTA and kept on ice. After centrifugation at +4"C, plasma was separated and frozen at -20°C until assayed.
Urine was collected over 24 hr by spontaneous voidings in plastic bags, following the method described by Aperia et al. (2) . The first urine svecimen was timed and discarded. At the end of the collection p h o d , external pressure was applied on the bladder, but additional urine was not obtained bv this maneuver.
PRA was measured by the generatio; of angotensin I after 1 hr of incubation at 37°C of plasma at pH 5.5, determined by radioimrnunoassay as previously described (27) . The coefficient of variation is 5.9 and 6.9%, respectively, for within and between assays. The accuracy is characterized by a recovery of 89.7 f 2.3% with a limit of detection of 0.1 ng/ml/hr. Vasopressin was determined by a specific and sensitive radioimmunoassay described in detail elsewhere (21) . The coefficient of variation is 13 and 18%, respectively, for within and between assays. The accuracy is characterized by a recovery of 69.7 f 1.8% with a limit of detection of 3 pg per tube. Sodium and potassium were determined by flame photometry, osmolality by freezing point depression (Fiske osmometer) and creatiniie by the Technicon Autoanalyzer method. An additional group of 17 healthy, newborn infants of both sexes and aged 7-47 hr was studied for correlation between PRA and BP only.
The project was approved by the Ethical Committee for Research of the Department of Medicine, University Hospital of Geneva; informed consent was obtained from the mothers of the participants.
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Results are expressed as mean f SE and the Student t-test was applied to appreciate statistical differences.
RESULTS
In the three groups of infants studied, the mean PRA was much higher than our normal values for recumbent children on regular sodium intake (1.26 ng/ml/hr 2 0.16) and adults (0.57 ng/ml/hr + 0.04). being significantly higher in infants aged 1-2 days (group A) than in older infants (groups B and C) ( Table I) .
The scattered individual values of PRA in group A (range 3.7-96.0 ng/ml/hr) and in the additional group of 17 newborn infants aged 7-48 hr (range 4.6-100.0 ng/ml/hr) presented no correlation j with the duration of delivery, the degree of postnatal weight loss -(which ranged from 0.9-7.1%), serum sodium, serum potassium,
. . The higher mean PRA in group A than in groups B and C was accompanied by higher mean values for hematocrit and urinary osmolality and lower mean values for systolic BP, sodium intake a0 . 5 and output, fluid intake, urine volume, and creatinine clearance ' P:
( Table 1) . However, the statistical analysis of individual values of 25 subjects reveals that there is no significant correlation between PRA and systolic BP, hematocrit, or creatinine clearance (our values of creatinine clearance are in agreement with those reported by others (23, 25) , and with values of inulin clearance (13) in healthy, full-term newborns). Log PRA was significantly inversely correlated with sodium intake (r = -0.59, P < 0.01) ( 9 days) are considered: r = -0.74 ( P c 0.001) and r = -0.65 ( P < 0.01). respectively. Urinary sodium was significantly correlated with sodium intake ( r = 0.67, P c 0.001).
As shown in Figure 2 , log PRA was significantly correlated with urinary osmolality (r = 0.67, P < 0.001) for all groups as well as for groups A and B.
The mean daily urinary vasopressin excretion was higher in group B than in group A, and higher in group C than in group B (Table I) , but due to the dispersion of the values, these differences are not significant. After log transformation, these values tended to normal distribution. The urinary vasopressin excretion was significantly correlated with creatinine clearance (Fig. 3) ( r = 0.69, P < 0.001). No correlation was found between urinary vasopressin excretion and urinary osmolality or PRA.
DISCUSSION
Our study shows a trend of PRA to decline over days after birth, thus confirming data of other publications (8, 16, 23) . It is noteworthy that infants aged 1-2 days had very scattered PRA levels. Large fluctuations of PRA within the first 48 hr of postnatal life were also observed by others in human newborns (16) and in litters of puppies (9) . The fact that individual PRA levels tend to increase even further until 48-72 hr after birth (10, 16) suggests the role of postnatal stimulating factors.
We cannot exclude that individual variations of blood volume may partly account foi the wide range of PRA levels observed at 1-2 days in the present study. However, it is interesting to note that plasma volume has been reported to remain almost unchanged throughout day 1 to day 6 after birth (20) , at a time where PRA is decreasing.
We have found no correlation between PRA and systolic BP, either when all three groups are considered, or only those newborns aged less than 2 days. This result is different from that of Broughton Pipkin and Smales (7), who have found a significant inverse relationship between circulating angiotensin I1 concentration and systolic BP in newborns aged 1-1 1 days. However, these authors have included a great number of preterm babies and ill patients, and reported systolic BP as high as 130 mm Hg, which is well above the upper limit for nonnal in healthy newborns (12) .
The significant inverse correlation existing between PRA and sodium intake (Fig. I) suggests that the low dietary sodium may be one of the stimuli for increased renin secretion in the neonatal period. A similar inverse relationship could be expected for plasma aldosterone, but was not found by Siege1 et al. (25) , at least in the range of 0.5-3 mEq/kg/day of sodium intake.
Finally, different PRA levels among healthy newborns could reflect different degrees of stimulation by the sympathetic nervous system. Plasma noradrenaline is elevated in human newborns, even in those having not suffered from perinatal asphyxia (1 1, 17) . Further investigations are required to delineate the influence of plasma catecholamines in this period of life.
One may wonder what relevance has this level of activity of the renin-angiotensin system to the neonatal renal function. In fact, the effect of angiotensin I1 on renal function is a very complex and controversial subject. It is generally considered that in man angiotensin I1 reduces the GFR, the renal blood flow, sodium excretion, and free water clearance (5). In the newborn infant, the high vascular resistance, which prevails in the outer cortex (14) , has been attributed to the high circulating angiotensin (16) .
The full-term newborn infant has a marked capacity for distal tubular sodium reabsorption (1). As can be deduced from data of Table 1 , he can achieve a positive sodium balance very soon after birth, in spite of a very low sodium intake. This can be due not only to the low GFR, but also to an effect of angiotensin I1 on distal tubular sodium reabsorption, either directly (15) or mediated by aldosterone stimulation. A marked elevation of plasma aldosterone has been well documented in healthy, full-term newborns (8) .
A possible contributory role of the renin-angiotensin system in the concentrating mechanism of the urine in the first days after birth is suggested by the significant correlation found between PRA and urinary osmolality (Fig. 2) . It seems unlikely that this effect is mediated only by a reduction of GFR, because urinary osmolality did not correlated with creatiniie clearance. A direct action of angiotensin I1 on free water reabsorption in the tubule has been recently demonstrated in dogs (15) . However, it is known that angiotensin I1 enhances vasopressin release (6) .
~r o m our study, it appears that the healthy newborn infant excretes appreciable amounts of vasopressin in the urine, whether it is diluted or concentrated. The significant correlation found between urinary vasopressin and creatinine clearance (Fig. 3) is in keeping with studies of Baumann and Dingman (3) with labeled vasopressin, showing that in the human, the source of urinary vasopressin is mainly glomerular filtration. Furthermore, recent micropunction studies revealed that vasopressin is neither appreciably secreted nor destroyed by the kidney tubules (18) . As for other hormones, the urinary excretion of vasopressin may not be a true reflection of secretion when renal function is markedly impaired.
